( , Searching PAJ 



1/2 s<— v 



PATENT ABSTRACTS OF JAPAN 

(1 1 publication number : 07-260492 
(43)Date of publication of application : 13.10.1995 



(51)IntCI. G01C 19/56 

G01P 9/04 



(21) Application number : 06-049562 (71)Applicant : FUJITSU LTD 

(22) Date of filing : 1 8.03.1 994 (72)Inventor : SHIMIZU SHINKICHI 

KU RASH IMA SHIGEMI 
ENDOU MICHIKO 



(54) ANGULAR VELOCITY DETECTOR 

(57)Abstract: 

PURPOSE: To increase the amplitude of vibration of a wire 
for enhancing the sensitivity of a detector detecting 
Coriolis force, and separate the drive signal of the wire and 
an angular velosity detection signal in a simple 
configuration. 

CONSTITUTION: An angular velosity detector is provided 
with a pick-up part 2 for detecting Coriolis force generated 
in a direction at right angle to the vibration of a wire 1 
according to the level of angular velocity when the angular 
velocity is applied around the input shaft of the wire 1 
while the wire 1 where a tension is applied is vibrating in a 
secondary resonance frequency. Then, the wire 1 
consisting of a magnetostriction material whose length 
changes according to magnetic field is used, a coil 3 for 
drive for generating magnetic filed is installed around the 
wire 1 , and the pickup part 2 detects, without any contact, 
the vibration displacement generated due to Coriolis force 
which is generated when the wire 1 is vibrated by the 
passage of a current of the secondary resonance 
frequency of the wire 1 for the coil 3 for drive. 
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* NOTICES * 

JPO and NCI PI are not responsible for any 
damages caused by the use of this translation. 

1 .This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2.**** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 



CLAIMS 



[Claim(s)] 

[Claim 1] In the condition that have a wire (1) as a stretched oscillating object to which 
predetermined tension was applied, and this wire (1) is vibrating in the mode of secondary resonance 
frequency By detecting the Coriolis force generated in the oscillating direction of this wire, and the 
direction which intersects perpendicularly according to the magnitude of this angular velocity, when 
angular velocity joins the surroundings of the shaft of the die-length direction of this wire (1) In the 
angular rate assembly for detecting this angular velocity said wire (1) Consist of a magnetostriction 
ingredient from which the die length changes with fields, and the coil for a drive (3) made to 
generate a field is installed in the perimeter of this wire (1). The angular rate assembly characterized 
by detecting said Coriolis force by passing the current of the secondary resonance frequency of this 
wire (1) to this coil for a drive (3), and vibrating this wire (1) in the mode of secondary resonance. 
[Claim 2] The angular rate assembly according to claim 1 with which an amorphous metal is used as 
a magnetostriction ingredient of said wire (1). 

[Claim 3] The angular rate assembly according to claim 1 or 2 with which said wire (1) has a fibrous 
configuration. 

[Claim 4] The angular rate assembly according to claim 1 with which the alloy which consists of a 
ferromagnetic permalloy as a magnetostriction ingredient of said wire (1) is used. 
[Claim 5] The angular rate assembly according to claim 1 with which a super-magnetostriction 
ingredient is used as a magnetostriction ingredient of said wire (1). 

[Claim 6] In the condition that have a wire (1) as a stretched oscillating object to which said 
predetermined tension was applied, and this wire (1) is vibrating in the mode of secondary resonance 
frequency In an angular rate assembly equipped with the pickup section (2) for detecting the Coriolis 
force generated in the oscillating direction of this wire, and the direction which intersects 
perpendicularly according to the magnitude of this angular velocity, when angular velocity joins the 
surroundings of the shaft of the die-length direction of this wire (1) said wire (1) Consist of a 
magnetostriction ingredient from which the die length changes with fields, and the coil for a drive 
(3) made to generate a field is installed in the perimeter of this wire (1). It is generated according to 
said Coriolis force generated when passing the current of the secondary resonance frequency of this 
wire (1) to this coil for a drive (3) and vibrating this wire (1) in the mode of secondary resonance. 
And it is the angular rate assembly characterized by said pickup section (2) detecting by the non- 
contact method to said wire in order to detect the vibration displacement produced in the oscillating 
direction of this wire (1), and the direction which intersects perpendicularly. 

[Claim 7] The angular rate assembly according to claim 6 which detects this angular velocity based 
on the light detected by said photo detector after penetrating or reflecting the light in which said 
pickup section (2) emits light from this light emitting device to the part which said vibration 
displacement produces in said wire (1) including the light emitting device of arbitration, and the 
photo detector for receiving the light in which light is emitted from this light emitting device. 
[Claim 8] An angular rate assembly including the magnetic detection means for detecting 
magnetically change of the field produced into the part into which said pickup section (2) 
magnetized after attaching the magnet in said wire (1), and the part by which the above was 
magnetized according to the vibration displacement of the oscillating direction of this wire (1), and 
the direction which intersects perpendicularly according to claim 6. 
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[Claim 9] An angular rate assembly including the magnetic detection means for detecting 
magnetically the variation rate of the field produced into the part into which said pickup section (2) 
magnetized after applying the magnet ingredient to said wire (1), and the part by which the above 
was magnetized according to the vibration displacement of the oscillating direction of this wire (1), 
and the direction which intersects perpendicularly according to claim 6. 



[Translation done.] 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Industrial Application] This invention relates to the angular rate assembly for detecting angular 
velocity by detecting the Coriolis force generated according to the magnitude of the angular velocity 
which joins this wire, when a wire is used as an oscillating object. If it says in more detail, this 
invention relates to the angular rate assembly which detects Coriolis force by using secondary 
resonance of the wire as an oscillating object in the oscillating direction of this oscillating object, and 
the direction which intersects perpendicularly using the dynamic phenomenon which Coriolis force 
produces, when angular velocity joins the surroundings of the shaft of the die-length direction of the 
body which is vibrating, i.e., an oscillating object. The principal part of this kind of angular rate 
assembly is constituted by the angular-velocity sensor called an oscillating gyroscope without body 
of revolution. 

[0002] Such an angular-velocity sensor is used for the navigation system of recent years, for 
example, an automobile, the hand deflection arrester of a video camera, and the suspension control 
unit for cars for raising a degree of comfort and driving stability by changing the condition of the 
suspension of an automobile according to the run state of a car. 
[0003] 

[Description of the Prior Art] An oscillating gyroscope here means the thing of a gyroscope without 
body of revolution using the dynamic phenomenon "Coriolis force will arise in the direction 
perpendicular to the oscillating direction if angular velocity joins the body which is vibrating." 
Research of this oscillating gyroscope has started for the tuning fork form oscillating gyroscope of 
the name the Sperry "gyrotron" in the 1950s. Then, although the thing of a wire, a prism, a cylinder, 
etc. and various kinds of formats has been studied and developed as an oscillating object, gyroscopes 
available now are only Tokyo Keiki Co., Ltd. and the Watson tuning fork form gyroscope. In 
addition, suppose that the detail of theory of an oscillating gyroscope like such a tuning fork form 
gyroscope and the oscillating gyroscope by the oscillating method of a wire is stated by the term of a 
"example." 

[0004] Drawing 6 is the block diagram showing an example using the conventional oscillating 
gyroscope of an angular rate assembly. Here, suppose that the configuration (for example, oscillating 
gyroscope by the honey well company) of the angular rate assembly which has the angular- velocity 
sensor of a method using the wire as an oscillating object in various kinds of oscillating gyroscopes 
is illustrated. In drawing 6 , the wire 100 of the beryllium copper line of predetermined die length 
(for example, 2 inches) is stretched applying suitable tension, and the magnet 110 for a drive is 
arranged into the part of the die length of the one half. Furthermore, the bias magnet 120 for 
detection is arranged to the part of the die length of the remaining one half of a wire 100 at the 
above-mentioned magnet 1 10 for a drive and an above-mentioned right angle. Furthermore, a cable 
1 15 is connected to the core of the wire 100 for vibration in the direction of a right angle in this wire 
100. The angular- velocity sensor which used the oscillating gyroscope by the oscillating method of a 
wire according to such structure is constituted. 

[0005] Furthermore, the detecting circuit for detecting the Coriolis force produced by applying 
angular velocity to the wire 100 under vibration as the drive circuit for vibrating a wire 100 is 
established in such an angular-velocity sensor. In addition, depending on the case, it may be called 
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an angular-velocity sensor also including these drive circuits and detecting circuits. The above- 
mentioned drive circuit has the oscillator 132 which supplies the current of the frequency beforehand 
defined to the wire 100, and the amplitude control circuit 130 which adjusts the amplitude of the 
supply voltage from this oscillator 132. 

[0006] Moreover, by one side, the above-mentioned detecting circuit has the buffer 140 connected to 
the output side of the demodulator 136 which generates the direct current voltage of suitable level as 
compared with the output of the reference signal generator 138 for demodulators (demodulator), and 
this demodulator 136 in the output of the detecting-signal amplifier 134 which takes out and 
amplifies the detection signal from the bias magnet 120 for detection, and this detecting-signal 
amplifier 134. 

[0007] Here, if the current in the mode of secondary resonance frequency is supplied to the wire 100 
for vibration with the above-mentioned oscillator 132, this wire 100 will vibrate in the mode as 
shown in drawing 6 by the interaction with the magnet 1 10 for a drive (hatching shows in drawing 6 
R> 6). By the vibrational state in this mode, if angular velocity is given as an input to the 
surroundings of the shaft (input shaft) of the die-length direction of a wire 100, a wire 100 will 
receive Coriolis force in the drive oscillating direction by the oscillator 132, and the direction of a 
right angle, and will vibrate perpendicularly to this drive oscillating direction. Since the direction of 
the magnetic flux of the bias magnet 120 for detection is as right-angled as the magnet 1 10 for a 
drive, a wire 100 vibrates with the inputted angular velocity in the direction which crosses the 
magnetic flux of the bias magnet 120 for detection, and a current flows by the principle of 
electromagnetic induction in the wire 100 which crosses the part of this bias magnet 120 for 
detection. Since the drive frequency from an oscillator 132 becomes irregular, the current value of 
the current which flowed by the principle of this electromagnetic induction is detected 
synchronously by demodulator 136, and it restores to it with direct current voltage. The inputted 
angular velocity is detected by [ this ] getting over and evaluating the output voltage value of direct 
current voltage. 
[0008] 

[Problem(s) to be Solved by the Invention] In the angular- velocity sensor of a configuration of 
having been shown in drawing 6 , in order to raise the sensibility of an oscillating gyroscope, it is 
necessary to enlarge the amplitude of vibration of a wire 100. However, like the case where the usual 
motor is driven, since the angular-velocity sensor of this drawing 6 has the structure where a current 
is passed to cable 115 itself, the problem that the drive for generating vibration of this wire 100 
becomes difficult produces it as the amplitude of vibration of a wire 100 becomes large. 
[0009] Furthermore, since the cable for a drive (cable 115 of drawing 6 ) and the cable for angular- 
velocity detection are the same, a possibility that the driving signal and angular-velocity detecting 
signal of a wire 100 may be intermingled comes out. In order to avoid this, the problem that it is 
necessary to discriminate from a wire driving signal and an angular- velocity detecting signal 
mutually, the circuit which takes out an angular-velocity detecting signal for such signal 
discrimination becomes complicated, and the whole circuit will become expensive is also produced. 
[0010] This invention is made in view of the above-mentioned trouble, and it aims at offering the 
angular rate assembly which can separate easily the driving signal of a wire, and the detecting signal 
for angular- velocity detection with an easy configuration while enlarging the amplitude of vibration 
of the wire as an oscillating object and increasing the sensibility of an angular- velocity sensor. 
[0011] 

[Means for Solving the Problem] In order to solve the above-mentioned trouble, in the angular rate 
assembly of this invention In the condition that the wire as an oscillating object stretched having 
covered is vibrating in the mode of secondary resonance frequency, predetermined tension When 
angular velocity joins the surroundings of the shaft of the die-length direction of a wire, in order to 
detect the Coriolis force generated in the oscillating direction of a wire, and the direction which 
intersects perpendicularly according to the magnitude of this angular velocity The coil for a drive 
which a wire is produced [ coil ] using the magnetostriction ingredient from which the die length 
changes with fields, and makes the perimeter of a wire generate a field is installed. Furthermore, he 
is trying for the angular rate assembly of this invention to detect the above-mentioned Coriolis force 
by making it vibrate to this coil for a drive in the mode of the secondary resonance [ current / of the 
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secondary resonance frequency of a wire ] by the wire of a sink lever. 

[0012] Preferably, the angular rate assembly of this invention is equipped with the pickup section for 
detecting the above-mentioned Coriolis force, and this pickup section is made the configuration 
which detects by the non-contact method to a wire. Furthermore, preferably, the above-mentioned 
pickup section detects angular velocity based on the light detected by the photo detector, after 
penetrating or reflecting the light which emits light from a light emitting device to the part which the 
vibration displacement by Coriolis force produces in a wire including the light emitting device of 
arbitration, and the photo detector for receiving the light which emits light from this light emitting 
device. 

[0013] Furthermore, he is trying for the above-mentioned pickup section to detect magnetically 
preferably change of the field produced into the part which magnetized after attaching the magnet in 
the wire or applying a magnet ingredient according to the vibration displacement of the wire by 
Coriolis force. 
[0014] 

[Function] In the angular rate assembly of this invention, even when there is comparatively little 
supply voltage from an oscillator etc., in order to enlarge the amplitude of vibration of the wire of an 
oscillating object comparatively and to generate this wire vibration easily, the coil for a drive 
(typically air-core coil) made to generate a field is installed in the perimeter of a wire instead of the 
drive circuit system which passes a current on the conventional cable. Furthermore, in the angular 
rate assembly of this invention, the sensibility when big resonance being easily obtained by the air- 
core coil, and using the current of the secondary resonance frequency of a cable as an oscillating 
gyroscope by resonating a sink and a wire, at it increases, using a magnetostriction ingredient as a 
wire of the oscillating object equivalent to the conventional cable for a drive. 
[0015] Since the large signal output of the component of coriolis can be taken by detecting the 
variation rate of a wire by non-contact as the detection approach of the above-mentioned Coriolis 
force further again, the sensibility of an oscillating gyroscope can be raised relatively. In this way, in 
this invention, since coils for a drive, such as an air-core coil, are installed in the perimeter of a wire 
as a driving source of this wire using the wire which consists of a magnetostriction ingredient as an 
oscillating object, the large amplitude of vibration of a wire can be taken and the sensibility of an 
oscillating gyroscope increases. Furthermore, since the coil for a drive separates and is installed from 
a wire, it becomes possible to separate easily the driving signal of a wire, and the detecting signal for 
angular-velocity detection. 
[0016] 

[Example] The example of the angular rate assembly of this invention is explained to a detail using 
an accompanying drawing ( drawing 1 - drawin g 4 ) below. Drawing 1 is the block diagram showing 
the configuration of the angular rate assembly by one example of this invention. 
[0017] In drawing 1 , the wire 1 which consists of a magnetostriction ingredient of a certain fixed die 
length is stretched applying suitable tension, and the coils 3 for a drive, such as an air-core coil, are 
installed in the part of the die length of the one half. This coil 3 for a drive is arranged in the 
condition of having separated from the wire 1 spatially. Furthermore, the pickup section 2 is 
arranged in the condition of having separated from this wire 1 spatially into the part of the die length 
of the remaining one half of a wire 1. This pickup section 2 is for detecting the variation rate of a 
wire which is produced according to the Coriolis force generated in the oscillating direction of a 
wire, and the direction which intersects perpendicularly by non-contact according to the magnitude 
of this angular velocity, when angular velocity joins the surroundings of the shaft (input shaft) of the 
die-length direction of a wire 1. If the pickup section 2 is made such a configuration, since the large 
output of the signal of the component of coriolis can be taken, the sensibility of an oscillating 
gyroscope can be raised relatively. 

[0018] Here, suppose that the principle of operation of this oscillating gyroscope is explained to a 
detail. Force F of acting at the material point which the angular- velocity sensor installed in the 
system of rotating axes detects when the material point mass m Becoming rotates with the fixed 
angular velocity omega (vector quantity) to inertial system now F=m-alpha-m omegax(ohmxr) -2m 
ohmxv (1) 
It is expressed. 
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[0019] The force according [ the 1st term of the right-hand side of a formula (1) ] to acceleration 
alpha (vector quantity) and the 2nd term express a centrifugal force (r is the radius vector of the 
material point), and the 3rd term expresses Coriolis force (v is the velocity vector of the material 
point). Moreover, "x" in a formula (1) expresses the outer product of a vector. When its attention was 
paid for seeing in this 3rd term of the right-hand side now, and velocity vector v, angular velocity 
vector omega, and the force of acting at the material point cross at right angles and only the rate of 1 
shaft orientations is given, it can be said that Coriolis force is proportional to angular velocity. 
Therefore, an oscillating gyroscope is produced so that the 1st term of the right-hand side and the 
2nd term in the formula (1) in a formula (1) can be disregarded, and if the rate which v Becomes the 
material point can be given, the inputted angular velocity can be known from the force of acting at 
this material point. 

[0020] It is the oscillating gyroscope which uses the velocity of vibration instead of a straight- line 
rate as such a rate v, receives the Coriolis force which is acting in a field perpendicular to this 
velocity of vibration and input angular velocity, or this Coriolis force by means of a spring, and was 
now detected as a variation rate. Therefore, the component of such an oscillating gyroscope consists 
of a drive element which drives an oscillating object and these oscillating objects, such as a wire, and 
three elements like the angular-velocity detecting element for detecting Coriolis force, as drawing 6 
described. For this reason, unlike the gyroscope which has body of revolution, the above-mentioned 
oscillating gyroscope is very easy structure. Moreover, for an oscillating gyroscope, since wear parts, 
such as bearing, do not exist, a cheap and long lasting gyroscope is producible. However, generally, 
since it was low compared with the gyroscope which has body of revolution, the sensibility of an 
oscillating gyroscope needed to enlarge the amplitude of vibration conventionally as mentioned 
above. In order [ this ] to cope with it inconvenient, in the example of this invention of drawing 1 , 
the coils 3 for a drive, such as an air-core coil, are installed in the perimeter of a wire as a driving 
source of this wire 1 using the wire 1 which consists of a magnetostriction ingredient as an 
oscillating object as above-mentioned. 

[0021] Here, the drive circuit which is equivalent to the above-mentioned drive element in drawing 1 
has again the oscillator 5 which supplies the current of the frequency beforehand defined to the wire 
1, and the amplitude control circuit 4 which adjusts the amplitude of the supply voltage from an 
oscillator 5 based on the monitor signal of the output of this oscillator 5. Moreover, the detecting 
circuit which is equivalent to the above-mentioned angular-velocity detecting element by one side 
has the buffer 9 connected to the output side of the demodulator 7 which generates the direct current 
voltage of suitable level as compared with the output of the reference signal generator 8 for 
demodulators (demodulator), and this demodulator 7 in the output of the detecting-signal amplifier 6 
which takes out and amplifies the detecting signal from the above-mentioned pickup section 2 and 
this above-mentioned pickup section 2, and this detecting-signal amplifier 6. 
[0022] Here, if the current in the mode of secondary resonance frequency is supplied to the wire 1 
for vibration with the above-mentioned oscillator 4, this wire 1 will vibrate in the mode as shown in 
drawing 1 by the interaction with the coil 3 for a drive (hatching shows in drawing 1 ). By the 
vibrational state in this mode, if angular velocity is given as an input to the surroundings of the shaft 
(input shaft) of the die-length direction of a wire 1, a wire 1 will receive Coriolis force in the drive 
oscillating direction by the oscillator 4, and the direction of a right angle, and will vibrate 
perpendicularly to this drive oscillating direction. The variation rate of the wire by this vibration is 
detected by the pickup section 2 by the non-contact method. Thus, like the conventional case, after 
the detected signal is amplified by the detecting-signal amplifier 6, it is detected synchronously 
within demodulator 7 and it restores to it with direct current voltage. This direct current voltage to 
which it restored is outputted through a buffer 9. The inputted angular velocity is detected by 
evaluating this output voltage value. 

[0023] Here, the magnetostriction related to the wire 1 of this invention is explained. Generally, 
magnetostriction has pointed out the phenomenon which an appearance deforms, when a 
ferromagnetic etc. is magnetized. It is expressed with deltal/1 when, as for the magnetostriction 
constant lambda, the magnetostriction ingredient of die-length 1 is extended by only deltal. As this 
magnetostriction ingredient, it is magnetostriction constant lambdas at the time of saturation. The 
amorphous metal which is 25x10 to about six for example, "METOGURASU 2605S-2" by Allied- 
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Signal, Inc. ~ a fibrous configuration — having — magnetostriction constant lambdas The permalloy 
(nickel-Fe) which is 27x10 to about six, and the wire rod which consists of a super-magnetostriction 
ingredient which has high magnetostriction constant lambdas of about 800x10-6 (when fields are 
240 kA/m) are used. In addition, it is indicated by JP,55-19976,B about the above-mentioned 
amorphous metal, a presentation, the manufacture approach of a permalloy, etc. 
[0024] if the oscillating direction of a wire rod is fixed about the wire (it is described as an 
oscillating wire depending on the case) 1 as an oscillating object by using the wire rod of the 
rectangular section (width of face h: thickness b) as especially shown in the perspective view of 
drawing 2 — the oscillating direction required for an oscillating gyroscope — on the other hand, 
tropism can be specified certainly. Furthermore, if the current of a frequency which makes the 
standing wave in the mode (the 2nd higher harmonic) secondary resonance stand is supplied in an 
oscillating wire with an oscillator 5, an oscillating wire will vibrate according to a magnetostrictive 
effect, and the standing wave in the secondary mode will occur in an oscillating wire. In the 
vibrational state in this secondary mode, if angular velocity is given to the surroundings of the input 
shaft of a wire 1 , a wire 1 will receive Coriolis force in the direction which intersects perpendicularly 
with a driving direction, and Coriolis force will generate vibration displacement into the parts of a 
lifting and the pickup section 2 of a wire 1 in the direction perpendicular to the direction where a 
wire 1 vibrates. 

[0025] Here, one example of the pickup section 2 of a non-contact method has the light emitting 
device of arbitration, and a photo detector for receiving the light which emits light from this light 
emitting device. In this case, after penetrating or reflecting the light which emits light from this light 
emitting device to the part which starts vibration displacement in a wire 1, based on the light 
detected by the photo detector, it has the composition that this angular velocity is detected. 
Specifically, the combination of semiconductor laser and a photodiode can be considered as a light 
emitting device and a photo detector. 

[0026] Furthermore, since another example of the pickup section 2 of a non-contact method 
magnetizes the wire 1 beforehand, it consists of magnetometric sensors like the magnetic detection 
means for detecting the variation rate of the field of this magnetized part magnetically, for example, 
a magnetic resistance element and a hall device, and the pick up coil. Drawing 3 is drawing for 
explaining the design procedure of the oscillating wire of drawing 1 . 

[0027] In drawing 3 , the amorphous metal (for example, "METOGURASU 2605S-2" by Allied- 
Signal, Inc.) is used as a type of a wire 1 . Furthermore, the die length (1 : El) of a wire 1 is set as 
3cm. Furthermore, if 1= (1/12) and b-h3, and the cross section A are expressed [ the linear density of 
a wire 1 ] for rho (kg/m) and cross-section second-moment I as A=b-h as shown in drawing 3 , it is 
the frequency of the 2nd higher harmonic. F=omega / 2pi=(7.853/l) 2, and (EI/rhoA) l/2/2pi (2) 
It is expressed. 

[0028] If it asks for the frequency f of the 2nd higher harmonic by count based on this formula (2) 
about the case where they are the case where the width of face h of a wire 1 is 0.1mm, and 0.5mm as 
shown in drawing 3 , f = 8.6MHz and 19MHz will be obtained, respectively. However, in any case, 
thickness b of a wire 1 is magnetostriction constant lambdas at the time of 25 micrometers and 
saturation. 3 and Young's modulus E set 27x10-6 and 7.18kg /of consistencies to 130GPa(s) (= 
130x109 x0.102 kgf7m2) mm. Furthermore, in order to generate vibration of the frequency of such 
2nd higher harmonic, the air-core coil is used. It is thought that the value of the frequency of the 2nd 
above-mentioned higher harmonic is order realizable [ with a usually available magnetostriction 
ingredient ] reasonable. 

[0029] Furthermore, the magnetostriction ingredient used here is the amorphous metal of the iron 
system by Allied-Signal, Inc. as shown in "METOGURASU 2605S-2", and as shown in the direct- 
current hysteresis loop (B-H curve: B expresses flux density and H expresses a field) of drawing 4 , 
the saturation field of this magnetostriction ingredient is 0.1 Oe (8 A/m), and is not so high a value. 
Here, suppose that the direct-current hysteresis loop of the amorphous metal of a cobalt system is 
also displayed for a comparison. Although a saturation field becomes a low value compared with the 
amorphous metal of an iron system, since saturation magnetic flux density (a unit is a tesla (T)) is 
also small, the amorphous metal of this cobalt system is magnetostriction constant lambdas at the 
time of saturation. It becomes smaller than the amorphous metal of an iron system. 
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[0030] Furthermore, the number of turns n of an air-core coil required in order to give the 
predetermined saturation field of O.lOe(s) are calculated to the amorphous metal of the above- 
mentioned iron system. In this case, the part (1 / 2= 1.5cm) of the die length of the one half of a wire 
1 shall be driven with the current I of 1 A. Saturation field Hs expressed with Hs =nl here If number 
of turns n are calculated based on a formula, the value of 12 turns will be acquired. That is, if the air- 
core coil of number of turns of this level is prepared, the frequency of the 2nd higher harmonic can 
be generated in a wire 1 . 

[0031] Drawing 5 is drawing showing an example of the output characteristics of the angular- 
velocity sensor of this invention. Here, as the pickup section 2 for angular- velocity detection, the 
combination of semiconductor laser and a photodiode was used and the non-contact method has 
detected the vibration displacement of a wire 1. Since the frequency for a wire drive becomes 
irregular, this detected signal needs to detect synchronously by demodulator 7, and it is necessary to 
change it into a direct current. Thus, the signal changed into the direct current can be taken out from 
an angular- velocity sensor as output voltage (a unit is a bolt (V)) of the direct current proportional to 
the inputted angular rate of rotation (a unit is deg/sec), as shown in drawing 5 . O mark on the graph 
of this drawing 5 shows the range where the linearity of an angular- velocity sensor is guaranteed. 
The linearity of the angular- velocity sensor which has an oscillating wire using the magnetostriction 
ingredient of this invention is guaranteed in the range large enough so that clearly from this drawing 
5. 

[0032] 

[Effect of the Invention] According to this invention, as explained above, since coils for a drive, such 
as an air-core coil, are installed in the perimeter of a wire as a driving source of this wire using the 
wire which consists of a magnetostriction ingredient as an oscillating object, control of vibration 
becomes easy and the large amplitude of vibration can be taken. Therefore, the sensibility of an 
angular-velocity sensor increases by leaps and bounds. Furthermore, since the coil for a drive 
separates and is installed from a wire, the advantage that become possible to separate easily the 
driving signal of a wire and the detecting signal for angular- velocity detection, and processing of a 
signal becomes easy arises. 
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* NOTICES * 

JPO and NCI PI are not responsible for any 
damages caused by the use of this translation. 

l.This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2 **** s hows the word which can not be translated. 
3. In the drawings, any words are not translated. 
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